Several single components of mining waste (arsenic, manganese, lead, cadmium) to which humans are exposed at the m area of Villa de la Paz, Mexico, are known to provoke alterations of striatal dopaminergic parameters. In this study we used an animal model to examine neurochemical changes resulting from exposure to a metal mixue. We used microdialysis to compare in vivo dopamine release from adult rats subchronically exposed to a mining waste by oral route with those from a control group and from a sodium arsenite group (25 mglkg/day). We found that arsenic and m nese do accumulate in rat brain after 2 week of oral exposure. The mining waste group showed significantly decreased basal levels of dihydroxyphenylacetic acid (DOPAC; 66.7 ± 7.53 pglpl) when compared to a control group (113.7 ± 14.3 pglpl).
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Although basal dopamine release rates were comparable among groups, when the system was challenged with a long-stading depolarization through high-potassium perfision, animals exposed to mining waste were not able to sustain an increaed dopamine release in respone to depolarization ( g waste group 5 .5 * 0.5 pg4d versus control group 21.7 ± 5.8 pg/pl). Also, DOPAC and homovanilic acid levels were sinificandy lower in exposed animals than in controls during stmulation with high potassium. The arsenite group showed a similar tendency to that from the mining waste group. In vio microdialysis provides relevant data about the effts of a chemical mixture. Our (2, 3) . Animal studies have confirmed that striatal dopaminergic neurons are one of the main targets for manganese neurotoxicity (4-6). Arsenic-induced increments (7) or decrements (8) of striatal dopamine have been reported for rodents. Lead also influences dopaminergic systems, as has been shown by animal studies of D1 and D2 receptors (9,10), dopamine turnover rates (11) , behavioral tests (12) (13) (14) , enzymatic assays (15, 16) , and in vitro and in vivo release rate studies (17) . Similarly, cadmium has been reported to interact with the striatal dopaminergic system (18, 19) . technique (21) (22) (23) . Lead and manganese were determined in food pellets and tissue using the graphite furnace absorption technique (24) . For all the analyses the mining waste was solubilized with a nitric-perchloric acid mixture.
Surgical and microdialysis procedures. Control and exposed animals were anesthetized with pentobarbital (Anestesal, Pfizer, Mexico, 25 mg/kg, ip), acepromazine (Calmivet, Vetoquinol, Mexico, 0.68 mg/kg, ip), and ketamine (Ketavet, Revetmex, Mexico, 30 mg/kg, ip). Once anesthetized, the animals were placed in a stereotaxic apparatus (Stoelting, Wood Dale, IL), the skull was exposed, and a hole was drilled for placement of a guide cannula over the right striatum [stereotaxic coordinates, anteroposterior: -0.3 mm; lateral: 3 mm; ventral: 4.0, with reference to bregma, according to the atlas of Paxinos and Watson (25) ]. The cannula was fixed to the skull with anchor screws and acrylic cement. After the surgery, rats were individually housed with free access to water and food during a 48-hr recovery period.
For the microdialysis experiments, a probe of concentric design (CMA/10; Carnegie Medicine AB, Stockholm, Sweden), outer diameter 0.5 mm, and 3-mm dialyzing membrane was inserted into the guide cannula. The dialysis probe was continuously perfused at a flow rate of 2 il/min through a liquid swivel from a microinfusion pump (74900 series; Cole Parmer, Niles, IL) with a solution containing 147 mM Na Cl, 4.0 mM K Cl, and 1.2 mM CaCI2, pH 6.0-6.5. Sample collection was performed every 20 min and started 1 hr after the beginning of the perfusion. After three baseline samples, a solution with high potassium content (91 mM NaCl, 60 mM KCl, 1.2 mM CaCI2, pH 6.0-6.5) was infused during 1 hr (three samples), and standard Ringer solution was restored for the last four samples. Figure 1 shows the levels of arsenic and manganese in whole brain of rats exposed to the mining waste during 2 weeks, compared to control and arsenite groups. Arsenic is present in the brain of control animals (38 ± 4.2, mean ± SE), Figure 2 shows the temporal courses of dopamine, DOPAC, and HVA release in basal conditions (samples 1-3) under depolarization by perfusion with 60 mM K+ Ringer solution (samples 4-7) and the recovery phase after restoring 4 mM K+ (samples controls, although DOPAC levels were significantly decreased. When the system was challenged with a long-standing depolarization through high-potassium perfusion, it became clear that exposure to the mining waste provoked an alteration because exposed animals were not able to sustain an increased dopamine release in response to depolarization. Also, DOPAC and HVA levels were significantly lower in exposed animals than in controls during stimulation with high potassium. Although rats treated with arsenite alone revealed a similar tendency to mining waste-exposed animals, they did not show significant differences in any parameter with respect to controls. This indicates that arsenic alone is not responsible for the effects of the mixture and points to an additive effect of the elements present in the mining waste. This study sought to establish an animal model for predicting neurological effects by exposure to a chemical mixture. Data from Table 1 indicate that individual analysis of the effects of the mining waste components upon neurotransmitter systems would require a long series of experiments. Furthermore, results from single-exposure testing of a toxic substance can be hardly extrapolated to the real effects of that toxicant in presence of other substances. In this case, arsenite and mining-waste groups were exposed to the same dose of total arsenic; however, brain arsenic content was eight times higher in the arsenite group. This is in agreement with previous estimations of bioavailabiity of arsenic present in the mining wastes (20, 27, 28) . In contrast, even though the manganese concentration in the mining waste and food pellets was about 100 times lower than that of arsenic, its concentrations in the brain were the same order of magnitude as those of arsenic. Without a previous study of bioavailability of manganese in this mineral mixture, we do not know whether manganese was indeed more bioavailable or if its entrance to the brain was facilitated though other mechanisms, as has been reported for another mixture (7) . Similar cases might have been encountered if each metal was analyzed separately, therefore, the direct study of the mining-waste effects appears to be a better alternative for our objective.
In view of the high arsenic content from the mining waste (Table 1) , we have recently reported the results of a parallel analysis of arsenic in soil and dust from Villa de la Paz, as well as in urine from Articles * Rodriquez et al.
more that 100 pg As/g creatinine (26) . These findings warrant concern about the neurotoxic potential of the mining waste because we found neurobehavioral alterations in children with arsenic levels of 62 pg/g creatinine (29) . Given (30, 31) . Second, depolarization responses of control preparations were also similar to those reported by others using similar procedures (32) (33) (34) (35) .
In mining waste-exposed animals, the combined action of metals may compromise the synthesis of dopamine, but efficient modifications of re-uptake and catabolism rates could maintain normal basal release rates. It is plausible that, under basal conditions, a decrease of dopamine synthesis in exposed animals could be counterbalanced by modifications of the re-uptake rates. In this way, less dopamine would be available for metabolism through monoamine oxidase, which would result in decreased basal DOPAC levels (Figs. 2 and 3) . Under a situation of higher demand, like prolonged exposure of the striatal cells to high potassium, compensatory mechanisms became insufflicient, resulting in significantly lower dopamine, DOPAC, and HVA levels in dialysates.
Another possibility is that exposure to the mining waste is not affecting specific enzymes of dopamine synthesis and metabolism, but that nonspecific membrane alterations caused by the mixture could disturb the normal response to a depolarization through increased release rates, leading to the observed decrease of dopamine, DOPAC, and HVA release under stimulation. Membrane alterations may also modify the activity of membrane-associated enzymes like monoamine oxidase, which is responsible for dopamine conversion to DOPAC, resulting in lower DOPAC basal and stimulated levels. Processes 
